Detailed Process Simulation of Syngas Treatment with Wet Sulfuric Acid Process in a 300 MWe IGCC Power Plant  by Choi, Bonggu et al.
 Energy Procedia  61 ( 2014 )  2211 – 2214 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
doi: 10.1016/j.egypro.2014.12.111 
The 6th International Conference on Applied Energy – ICAE2014 
Detailed process simulation of syngas treatment with wet 
sulfuric acid process in a 300 MWe IGCC power plant 
Bonggu Choia, Sungsoo Lima, Riezqa Andikaa, Jinhee Jeonb, Moonyong Leea,* 
aSchool of Chemical Engineering, Yeungnam University, Gyeongsan 712-749,Republic of Korea  
bDoosan Heavy Industries & Construction, Daejeon 305-811, Republic of Korea 
Abstract 
Oil and gas play an important role in human activities as the primary energy source that cannot be replaced easily 
with other energy sources. On the other hand, their depletion and environmental impact are becoming world primary 
concerns. Hence, integrated coal gasification combined cycle (IGCC) power plant has been one of the attractive 
options to fulfill the human need for clean energy. This paper focuses on the syngas treatment process that has an 
important role in removing contaminants and acid gases in syngas. The failure of the syngas treatment process will 
lead to performance reduction in the power block process because of its unsuitable total sulfur specification in the 
treated syngas. In this work, we consider four unit processes of syngas treatment which are wet scrubbing unit, HCN-
COS hydrolysis unit, acid gas removal (AGR) unit, and syngas saturator unit. The wet sulfuric acid (WSA) process is 
implemented to increase the SOx conversion. The WSA process was chosen instead of other sulfur treatment process 
(Claus and Superclaus process) because it can recover more than 99% total sulfur content and convert sulfur to 
sulfuric acid directly without the intermediate elemental sulfur. A rigorous model of the whole syngas treatment 
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1. Introduction 
World energy consumption has been increased rapidly through the decades and it is supported mainly 
by fossil fuels such as oil and gas as the primary energy source. Oil and gas have supplied the biggest 
portion of energy source until now. It is predicted that the oil and gas depletion times around 35 and 37 
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years respectively [1]. Besides their depletion, the increasing number of fossil fuel usage has another 
problems related to the environment such as pollution, global warming, and climate change.  
As the most abundant and widely distributed fossil fuel, coal becomes a key component of the energy 
source worldwide. Air pollutants from coal power plant contribute more than 70% of carbon dioxide 
emissions that arise from power generation and over 40% of global anthropomorphic carbon dioxide 
emissions [2]. Advanced coalǦfired power generation technology such as IGCC serves the need of cleaner 
energy. To enhance the IGCC performance on SOx emissions reduction, WSA process that usually used in 
sulfuric acid production and metallurgical industry can be implemented. The WSA process can be applied 
to high H2S content gas and simultaneously treat water content as in AGR and sour water stripper units. 
 
 
Fig. 1. BFD of IGCC power plant with WSA process. 
2. Simulation of Syngas Treament Process 
At gasifier outlet which may have solid particle matter, wet scrubber is generally being used as an air 
pollution control device that can remove particulate matter. Wet scrubber unit also can remove a small 
amount of various types of syngas pollutants in the gas phase. It uses caustic solution to reduce the syngas 
acidity. A packed column was used for simulating a wet scrubber unit. 
After passing the wet scrubber unit, syngas is going through HCN-COS hydrolysis unit that has a 
major role to remove HCN and COS. To simulate this unit process, two reactor for the hydrolysis process 
were used. The first reactor acts as guard reactor where partial conversions of HCN and COS take place 
and the second reactor acts as main reactor where full conversions of HCN and COS occur. The main 
reactions in this unit process are shown below: 
x HCN + H2O → CO + NH3 
x COS + H2O → CO2 + H2S 
Afterward, the acid gases of syngas will be absorbed by solvent in AGR unit. In simulation, two 
columns, absorption column and stripping column, were used with sulfolane mixture of MDEA, sulfolane 
and water. In absorption column, the acid gases are absorbed by the solvents. Meanwhile in stripping 
column, the solvents were regenerated at a pressure close to atmospheric pressure.  
Before entering the power block, syngas is necessary to be saturated. To accomplish this condition, 
direct contact between a fluid containing water and syngas is required. Hence, a packed column was again 
used to simulate the syngas saturator. 





Fig. 2. Simplified diagram of wet scrubber (top left), HCN-COS hydrolysis (top right), AGR (bottom left), and syngas saturator 
(bottom right) unit. 
3. Simulation of Wet Sulfuric Acid Process and Overall Process 
The WSA process is an attractive alternative to the Claus process. It has a lower capital cost than a 
Claus plant with tail gas treatment and has a better heat economy [3]. To simulate WSA process, five key 
equipments to convert sulfurous feed into sulfuric acid were considered: 
x Combustor/incinerator; where sulfurous feed (S) is oxidated to SO2 
x Selective catalytic reduction (SCR) reactor; where NOx is converted to N2 
x SO2 converter; where SO2 is oxidated to SO3 
x Condenser; where H2SO4 (gas phase) and SO3 is converted to H2SO4 (liquid phase) 
x Steam system (heat exchanger and steam drum); where the waste heat is collected and distributed  
 The main reactions of the WSA process, which are used in the simulation, are listed below [3]: 
x H2S + 3/2 O2 ȥ H2O + SO2 + 518 kJ/mole 
x NO + NH3 + 1/4 O2 → N2 + 3/2 H2O + 410 kJ/mole 
x SO2 + 1/2 O2 ↔ SO3 + 99 kJ/mole 
x SO3 + H2O ↔ H2SO4 (g) + 101 kJ/mole 
x H2SO4 (g) + 0.17 H2O (g) ↔ H2SO4 (l) + 69 kJ/mole 
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Parameters Inlet Value Outlet Value 
Total mass flow (kg/s) 55.81 56.55 
H2S (mole %) 0.0023 not detected 
COS (mole %) 0.0003 not detected 
HCN (mole %) 0.0002 not detected 
NH3 (mole%) 0.0002 not detected 
   
Fig. 3. WSA process simulation in Aspen Hysys® (left) and simulation results (right). 
4. Conclusions 
The results of syngas treatment process simulation were in agreement with plant operating data. With 
the implementation of WSA process, the simulation indicates that the IGCC power plant integration with 
WSA process is an attractive choice.  The WSA process produced up to 98 wt% H2SO4 product from 
IGCC power plant. The WSA process recovered up to 99% of the total sulfur content higher than Claus 
process, typically 95 -97%. 
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